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BACKGROUND

Current annual canpground usage of the recreational sites Cherry
G en and Prairie Flower generates nore sewage effluent influx to
the three holding cells at each site than the cells are capable
of holding. Plastic cell liners, which were required by the

| owa Departnent of Natural Resources, greatly reduced the cell's
capability to naturally percolate the ponded effluent. Since
evaporation al one was not sufficient in reducing the pond

el evations and overland fl ow was not desirable by the |owa DNR,
anot her nore controll ed and neasurabl e neans of disposing of
wast ewat er was needed.

WASTEWATER TREATMENT

The treatnent process for both Cherry Gen and Prairie Flower
consi sts of aerobic stabilization within retention pond systens.
Sewage fromeach site is delivered to the first of three

i nterconnected shall ow earthen basi ns where the treat nment
occurs. The treatnment of the wastewater is acconplished
naturally through the use of algae and bacteria within the
ponds. Oxygen in the pond is utilized by bacteria to perform
aerobi c degradation of the pond’s organic matter. Nutrients and
carbon di oxi de rel eased by the bacteria are used by the al gae.
The algae, in turn, release nore oxygen for the bacteria to
further breakdown the organic matter. This process conpl etes
the wastewater treatnent cycle. Thus, wastewater treatnent
continues by this nethod of oxygen and carbon di oxi de exchange.

WASTEWATER QUALI TY

lowa State University was contracted to performthe chem ca
tests on wastewater sanples fromthe finish cell of each |agoon
system The | agoon wastewater was tested for a variety of
constituents as outlined in Chapter 21 of the |Iowa WAst ewat er
Facilities Design Standard . The test results are given bel ow
in Table 1.



TABLE 1

WASTEWATER CHEM CAL TEST RESULTS

MAJOR CONSTI TUENT

CHERRY G_LEN WMR SAMPLE

PRAI RE FLONER WM R SAMPLE

Total Organic 20 ny/| 14.1 nyg/|
Car bon
Total Di ssol ved 204 ny/ | 289 ny/ |
Sol i ds
Sodi um Absor ption 0.9 0.3
Rati o
El ectri cal 302 umhos/cm 494 umhos/cm
Conductivity
Tot al Kj el dahl 7.00 ny/l 3.4 nmg/l
Ni t rogen
Ammoni a Nitrogen Not Det ected 0.16 ny/|
Organic Nitrogen 7.00 ny/l 3.24 ny/l
Nitrate N trogen Not Det ected Not Det ected
Di ssol ved 0.34 ny/l 2.24 ny/l
Phosphor ous
Chl ori de 27 ny/ | 14 ng/ |
PH 8.42 7.18
Total Alkalinity 73.6 ng/l as CaCG 193.8 ng/l as CaCO;
Tot al Hardness 92.0 ny/l as CaCGO; 200.0 ng/l as CaCGs
Cal ci um Har dness 56.0 ng/l as CaCQO; 125.0 ng/l as CaCGs
TRACE ELEMENTS
Al um num 0.17 ny/l 0.19 ny/l
Arseni c Not Det ected Not Det ected
Beryllium Not Det ected Not Det ected
Bor on 0.13 ny/l 0.05 ny/l
Cadm um Not Det ected Not Det ected
Chrom um Not Det ected Not Det ected
Cobal t Not Det ected Not Det ected
Copper Not Det ected Not Det ected
Fl uori de 0.2 ny/l 0.3 ny/l
I ron Not Det ected 0.36 ny/l
Lead Not Det ected Not Det ected
Li t hi um Not Det ected Not Det ected
Manganese Not Det ected 0.1 nog/l
Mol ybdenum Not Det ected Not Det ected
Ni ckel Not Det ected Not Det ected
Sel eni um Not Det ected Not Det ected
Vanadi um Not Det ected Not Det ected
Zi nc 0.02 ny/l 0.02 ny/l
Total Coliform None Found 1300 Organi sns/ 100 m




Bacteri a

WASTEWATER QUANTI TY

The vol une of wastewater inflow over a 3-year period was
estimated to be 2.0 and 2.5 mllion gallons per year, for Cherry
G en and Prairie Flower, respectively. The estinmted wastewat er
vol unes for both recreational areas was based on an anal ysis of
the facilities at each site, (canpsites, confort stations,

shower buildings, shelters, etc.) and the average visitation
(both canpers and day-users). Wth net evaporation of each pond
systemestimated to be 767,000 and 950, 000 gal | ons per year, the
net drawdown of wastewater fromthe | agoon systens to nmaintain
proper operating levels was determned to be approxinmately 1.3
and 1.6 mllion gallons per year for each site. The nunber of
oper ati ng days/season at each location is 220. Therefore, the
average accunul ating quantity of inflow day, during the
operating season and excluding precipitation, at Cherry den and
Prairie Flower is 5,900 and 7,300 gal | ons/day, respectively.

DESI GN CHALLENGES

The goal of the design was to control holding cell elevations by
i ntroduci ng sewage effluent to the ground by a controllable
application nethod. It was necessary to design the controlled
application nethod to not exceed the allowable limts for soi
percol ation, Nitrogen |oading, and Phosphorus | oading as
established by the lowa Wastewater Facilities Design Standards.
Envi ronnent al engi neers anal yzed these criteria for the proposed
di sposal sites and determned the limting factor to be the

al | owabl e annual hydraulic | oading rate based on soi
perneability. The Environnmental engineers established the

m ni mum application area and the frequency of applications
required for each site. Neither the feasible soil hydraulic

| oading rate nor the maxi mum hydraulic rate established by state
standards coul d be exceeded during an application. |If the first
i s exceeded the soil would becone saturated and overland fl ow
woul d occur. |If the second is exceeded the nethod of
application is in violation of state standards.
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Both Cherry A en and Prairie Flower have their sewage | agoons in
close proximty to publicly accessible areas. In the case of
Cherry den the | agoons border along a public bike trail

Prairie Flower’s | agoons are very near the canpgrounds they
serve. The challenge was to design a project which could apply
the wastewater to the designated application areas w thout
utilizing conventional aboveground sprinkler systens. The

pr obl em posed by aboveground sprinklers is that the spray and

m st fromthe sprinklers becones air borne. The air borne m st
vaporizes and can carry offensive odors to areas occupi ed by the
public. This was not acceptable to the custoner or designer.

OPERABI LI TY

The custonmer requested the application areas require mnim

mai nt enance. This neant only annual now ng woul d be perforned
in the fenced application areas. Taller grass in these areas
woul d restrict the use of above ground sprinklers. Above ground
sprinklers run the risk of not functioning properly in taller
grass, thus, creating non-treated and saturated areas during an
ef fluent application. Above ground sprinklers also require

peri odi ¢ mai nt enance/ repair because of their nechanical design.

DESI GN METHCOD

Subsurface emtterlines were best suited to apply the treated
effluent to the application areas and neet the design chall enges
as stated above. Emtterlines designed for effluent disposal
were found to be superior to conventional irrigation
emtterlines for the foll owi ng reasons:

- Emtters are designed with turbulent flow paths to pass
particles easily.

- Rai sed emtters reduce sedi nent accunul ati on.

- Emtters and tubing are chemcally treated to provide
ext ended protection against root intrusion and slinme
gr owt h.

- Emtters have a wi de operation of pressures to assure
uniformflow rates along the entire emtterline.



- A purple color coding of the emtterlines identifies the
line is froma non-potable source.

SUBSURFACE APPL| CATI ON ADVANTAGES

The subsurface drip nethod of effluent disposal was deened the
nmost efficient method for the conditions at Saylorville Lake.
The mai n advant ages associated with a subsurface di sposal system
ar e:

- M nimzes health risks.
- Systens can be easily autonmated.
- Installations are invisible and virtually vandal proof.

- Systens are non-intrusive and can allow for use of the
space while effluent is being applied.

- Durabl e systens with | ong useful |ives can be install ed.
- M nim zes deep ground percol ati on.

- Subsurface systens increase consunption of nitrates and
wat er by neans of use and evapotranspiration in plants.

- Subsurface systens are well suited for difficult conditions
arising fromhigh water tables, tight soils, steep or
uneven terrain, and prevailing high wi nd areas.

- Surface puddling or runoff will not occur fromwell -
desi gned systens.

SYSTEM COVPONENTS

The underground emtter system was designed to deliver effluent
fromthe third holding cell at Cherry Gen and Prairie Flower to
the emtter application areas. Effluent is punped to the
emtter fields by a single electric 5 HP subnersible grinder
punp at each site. Aflowrate of 53 GPM @76 TDH was si zed
for the Cherry den location. Prairie Flower was slightly
larger with a 65 GPMflow rate @106 TDH.  The governing factor
in determning the punp size was the system flushing velocity
and not the maxi mum volunetric quantity of effluent to be
applied per application per nonth. Electric power was avail able
to power the punp at the Prairie Flower site and a snmall diesel



generator was incorporated into the design at the Cherry Qen
site. The punps are subnerged into manhol es that are connected
by ductile iron pipe to the bottomof the holding cells. The
effluent is punped through PVC piping to 140 nesh filters with
manual backflush capabilities and is totaled by a water neter
prior to emtter line delivery. The PVC supply header piping
delivers the punped effluent to each emtter field zone. Each
systemfor this project contained two emtter zones. The zones
enconpass isolation valves, a portion of the PVC supply header
pipe, the lateral emtter coils, air/vacuumrelief valves,
pressure gauges, check valves, and a portion of the PVC return
header pipe. The zones are necessary to isolate portions of the
systemto achieve a mninmumflushing velocity of 2 ft./sec. in
the emtter lines. Periodic flushing and backflushing of the
emtter lines and filters is very inportant to prevent sline and
sedi nentati on buildup. The PVC return header pipe is designed
to return flushed effluent and filter sedinentation to the third
hol ding cell at Cherry Gen and Prairie Flower. Typical system
| ayout for each location is shown in Figure 1.



| NSERT FI GURE 1. SYSTEM LAYOUT



PROQIECT COSTS

The project was bid as one lunp sum and had a contract period of
174 days. The physical characteristics of the job included but
were not limted to the installation of underground piping,
emtter lines, valves, filters, water neters, a manhole at
Prairie Flower, grinder punps and assenblies, electrical

service, a generator at Cherry den, fence and seeding. The
Government estimate to conplete the project was $118, 600 and t he
contract was awarded for $107,281. The only two specialty itens
associated with the project included the emtter |ine and the
filters. The emtter line cost range was from $0. 30 - $0.52 per
foot. The three inch 140 nesh angle filters cost approxi mately
$670 each. Each site had two filters incorporated into the
design and emtter line |lengths were approximately 10, 300 feet.

ENG NEERI NG CONSI DERATI ONS FOR CONSTRUCTI ON AND CUSTOVERS

Engi neeri ng considerations provided to Construction personnel to
assist in contract adm nistration and mnimze field questions
related to design intent are outlined by the foll ow ng:

- The contract specifically requested the Contractor to
excavate, lay in the emtter |lines, and over backfill for
natural settlenment of the ground. The thought process
governing trenching vs. plow ng was that open trench
installation would allow for better inspection of the
systemin the field by Construction personnel. Visual
i nspection provides better quality control than plow ng the
emtter lines. Engineering would support the vibratory
pl ow net hod of installation if Construction desired to
inspect this method and the emitter |ine manufacturer
approved this type of installation.

- The basis of design for this project was Netafimemtter
i ne manufacturer and their associated conponents. The
specifications indicated stringent requirenments upon the
systeminstallation. |If deviations fromthe design were
deened necessary by the Contractor, submttal of those
proposed changes were required by the Contractor and costs
associ ated with those changes should be at the Contractor’s
expense.



- The Contractor was required to install emtter lines and
piping to mnimze the nunber of |ow points within each
system The mnim zation of low points will aid in the
W nterization of the system

- A qui ck connect coupler |ocated just beyond the water neter
was installed to provide the neans of w nterizing each
system By connecting conpressed air to the connector each
system can be cleared of water by bl ow ng the system out.
The connector al so provides a point of connection for
chem cal injection should root intrusion ever be
experienced within the emtter |ines.

SYSTEM OPERATI ON

A sequence of system operation was provided for benefit to
Construction, the custoner and the Contractor to understand

Engi neering’ s phil osophy for startup procedure. Since Cherry

A en has the nore conplex systemw th the inclusion of the
generator it will be outlined below. The follow ng sequence can
be referenced to Figure 1 identified earlier in the text.

1. Cose first valve downstream of the water neter and cl ose
shut-of f valve located in the flush header.

2. Cose valve to right of tee fitting downstream of first
pressure gauge and open valve to left of tee.

3. Cose valve to left of tee fitting which returns to flush
header and open valve to right of tee returning to flush header.
Both of these valve are | ocated downstream of the val ves
described in step 2 above.

4. Perform generator engine nmai ntenance as required checking
all fuel, fluid and lubrication levels. Start generator and
allow to warmup. (I MPORTANT - The operator will have 5 m nutes
adjustable to 10 mnutes to start the punp imediately foll ow ng
the start up of the generator. |If the punp is not started
within the 5 mnutes the generator will shut down and require
restarting by the operator. This automatic generator shut down
feature prevents the generator fromrunning all day should the
punp stop for any reason.)

5. Start the punp to begin flushing the right 3" angle disc
filter into cell 3. Operator shall visually inspect to verify
flushed effluent is returned to cell 3. Allow flushing of disc



filter to continue for 3 mnutes or until filter is cleaned
t hor oughl y.

6. Stop the punp and performthe opposite opening and cl osing
of valves as described in steps 2 and 3. This will prepare the
left 3 angle disc filter to be flushed. Renenber that once the
punp is stopped 5 mnutes is allowed to performthe valve
maneuver prior to the generator shutting down.

7. Start the punp and flush the left 3" angle disc filter for
the sane anount of tine as described in step 5.

8. Stop the punp. Renove the filter cartridges of both disc
filters and inspect for cleanliness then reinstall. Repeat

fl ushi ng operations as descri bed above as necessary. A second
option to flushing the disc filters is to have a spare set of
filters on hand. The spare set of disc filter cartridges can be
substituted for the installed set at the begi nning of each
application. The dirty set can then be cl eaned manual | y away
fromthe site and stored until the next use.

9. Open the valve to the left of the tee and close the valve to
left of tee fitting which returns to flush header. Open the

val ve downstream of the water nmeter and open the shut-off valve
in the flush header.

10. dose the shut-off valve leading to ZONE B and open the
val ve | eading to ZONE A

11. Start the punp and flush ZONE A for 5 mnutes or until punp
di scharge fromreturn header appears free of particulate matter
and sedi nent.

12. Shut off the punp and reverse val ve sequence for ZONE A and
ZONE B.

13. Start the punp and flush ZONE B as described in step 11

14. Open the valve leading to ZONE A and |l et ZONE B shut off
val ve remain open. C ose the shut-off valve in the flush header
to prepare the system for application.

15. Start punp to begin application. Set shut off timer (0-12
hrs) to the desired nunber of hours of application. Walk away.
Systemw || automatically shut dowmn at the end of the
application tinme or if a system malfunction occurs. The
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operator should periodically nonitor pressure gauges within the
systemto identify excessive pressure drops. Large pressure
drops will indicate a bl ockage and a need to backflush the disc
filters or flush the zones. Monitoring of the water neter
shoul d al so be perforned to cal culate the volune of effl uent
bei ng applied per application. The volune applied per
application should not exceed the maxi num all owed. Col um (3)
and (5) in Table 2 identify maxi mum vol unes and application
tinmes.

TABLE 2
CHERRY GLEN APPLI CATI ONS

ONE APPLI CATI ON PER WEEK:
Area of application = 0.5 acre

(1) (2) (3) (4) (5)
Hydraul i c | nches/ Gl | ons/ Gal | ons/ Hour s/
Loading Rate |Applicatio |Applicatio Mont h Applicatio
Lw n n n (@53
GPM
MONTH (in./no.) (in./app.) See (2)*(4) (hr./app.)
(* Not e)
APR 0 0 0 0 0
MAY 1.43 0. 36 4887 19548 1.5
JUN 4.59 1.15 15612 15612 4.9
JUL 8. 16 2.04 27695 110780 8.7
AUG 9.45 2. 36 32039 128156 10. 1
SEP 9.12 2.28 30953 123812 9.7
oCT 7.40 1.85 25116 100464 7.9
NOV 3.06 0.77 10453 41812 3.3
ANNUAL 43. 21 524572
TOTAL

*Note: Colum (3) is based on the foll ow ng:

(gal / app) =(i n/ app) *(conversi on) *(area of application)

ex: (gal /app)=(.36 in/app)*(27,152 gal/in*ac)*(0.5 ac)
= 4887 gal | ons/ application

The bal ance of the 1.3M gallon annual wastewater vol une not
accounted for by colum (4) of Table 2 above will be renoved
fromthe pond system by adjusting the nunber of applications per
week. This will be done as weather permts during the canping
season. Lower precipitation periods will allow for multiple
wast ewat er applications per week. Another alternative is to
all ow the ponds to accunul ate wastewater and increase the
frequency of application at the end of the canping season. The
third option, in extrenely wet years, is to allow the pond
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systens to store wastewater until conditions permt for

wast ewat er applications to occur. The pond systens at both
Cherry A en and Prairie Flower have approximately a two-year
st orage capacity assum ng normal conditions.
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LESSON LEARNED

Upon construction conpletion the Contractor was required to
performstartup testing at each site. During short periods of
testing, premature clogging of the disc filters caused major
operational difficulties for each site. Water sanples collected
at various depths fromthe finishing cell at the Cherry den
site reveal ed Total Suspended Solids |levels to average 21.4
mg/l. Sanples taken fromthe punp manhol e supplying the
effluent to the system had TSS neasurenents of 74 ng/l and 100
mg/l. This lead to the conclusion the pipe intakes leading to
the punp manhol es were to close to the bottomof the finishing
cells. Therefore, effluent delivered to the punp manhol es had
hi gh concentrations of Total Suspended Solids. Hence, the disc
filters becane prematurely clogged. After consulting with the
emtter line manufacturer it was concluded the pipe intake
shoul d be raised. The nost suitable depth for the pipe intakes
was determned to be md depth within the finish cells. A md
depth location places the pipe intake above the high
concentration of suspended solids at the bottom of the finish
cells and bel ow the algae that forns near the surface of the
finish cells. As a result, the intakes were raised and
assenbled with an upside u-pipe at the point of intake. This
solved the problemw th the premature filter clogging.

MANUFACT URERS

Two known manufacturers of wastewater application products and
design literature include;

- Netafimlrrigation Inc., East Coast Ofice: 548 N Dougl as
Ave., Altamonte Springs, FL 32714, Tel (407) 788-6352,
Fax(407) 862-0259, West Coast O fice: 3025 E. Ham Iton,
Fresno, CA 93721, Tel (209) 498-6880, Fax(209) 442-3119

- Geoflow Inc., 200 Gate Five Road, #103 Sausalito, CA 94966,
Tel (415) 331-0166, Fax(415) 331-0167

CONCLUSI ON

Treat nent and di sposal of sewage wastewater is becom ng

increasing nore difficult to acconplish. Mre stringent

regul ati ons and | aws nmake desi gn of wastewater treatnent systens
chal I engi ng. Subsurface di sposal designs offer an alternative
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met hod to wastewater disposal. Their sinplistic designs offer
many benefits in operation, maintenance, and | and usage when
conpared with surface applied systens. Where a controlled

met hod of wast ewater disposal is desired, subsurface application
systens shoul d be considered as a viable alternative of

wast ewat er treatnment.
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